A field trial was carried out to test performance of four locally available substrates (split bamboo, whole bamboo, banana midrib and plastic bottle) for periphyton enhancement in farmer's ponds at Seri and Nandapur in Nawalparasi district for 7 months. Six carp species were stocked at 15000 fish/hectare and SIS at unrecorded densities. Carp was fed with rice bran and mustard oil cake at 1.5% BW while grass carp was fed with grass and banana leaves at 50% BW. There was no significant effect of substrates on growth and production of carp. Combined NFY was 19% higher in plastic bottle ponds than control ponds, while NFY of SIS was 50% higher in banana midrib ponds than control and other substrate ponds. FCR was significantly better (P<0.05) in split bamboo ponds than control ponds. Banana midrib decayed fast and was replaced 3-4 times during experimental period while plastic bottles performed better in terms of production and profit.
Introduction
Carp polyculture in earthen ponds is a wellestablished aquaculture system in Nepal which contributes about 87.5% of total fish production (Kunwar and Adhikari, 2016) . Pond production system is becoming greatly dependent on external resources such as feed and fertilizers for fish production. It has been shown that feed accounts for about 60% of total fish input cost in commercial fish farming (Bhujel, 2009) . Also in small scale aquaculture the ratio of feed cost in total inputs is large. For small scale farmers it is not easy to bear the cost of expensive food ingredients. Providing an alternative means to reduce the feed cost has thus become essential for sustainability of the farming system. In most pond production systems, only a small proportion of nutrient input (30%) is converted into harvestable matter while the rest is lost into sediments, effluent water and atmosphere (Acosta Nassar et al., 1994; Beveridge et al., 1994; Olah et al., 1994) . Improving the conversion of nutrients into harvestable matters by enhancing the natural food production may be a suitable solution to the problem of higher cost as well as loss of nutrient inputs. Enhancing the growth of periphyton in pond production system has been proved to be a suitable method to increase the natural food production (Azim et al., 2001a; Rai et al., 2008; Jha et al., 2018) .
Many fish in nature as well as in culture relies on periphyton for its food. Indian major carp (Wahab et al., 1999; Ramesh et al., 1999; Rai et al., 2010) , tilapia (Hem and Avit, 1994; Shrestha and Knud-Hansen, 1994; Milstein et al., 2009 : Jiwyam, 2013 , common carp (Rai and Yi, 2012) as well prawn (Udin et al., 2007) prefer periphyton as natural food. Previous study on periphyton based carp polyculture in Nepal showed a promising result with an increase of 24% in fish yield (Jha et al., 2018) . Many researches in periphyton based aquaculture was carried out using different parts of bamboo as substrate in Bangladesh and Nepal (Azim et al., 2001a, b; Azim et al., 2002; Rai et al., 2008; Shirin et al., 2013; Jha et al., 2018) . In previous experiment, farmers using bamboo mat as substrate for periphyton enhancement complained that it interfered with partial harvesting of fish. Considering their problem, present experiment was carried out to assess the performance of locally available alternative substrates in farmer's ponds stocked with carp and SIS.
Materials and methods

Experimental design
The experiment was carried out for 210 days from 12 th April to 10 th November 2017 in 15 ponds of farmers involved in Mishrit Fish Farmer Cooperative at Seri and Nandapur of Nawalparasi district. The average area of experimental pond was 502.9±68.4 m 2 ranging from 163.0 to 1760.0 m 2 . The experiment was carried out in completely randomized design (CRD). There were five treatments each with three replicates as shown in Table 1 . All ponds were drained and dried and lime was applied at the rate of 50 g/m 2 . Ponds were then filled with fresh water from boring. Urea and DAP were applied at the rate of 4.7 g/m 2 and 3.5 g/m 2 respectively for plankton growth. After 3 days of fertilization, substrates were installed in all ponds except control ponds.
Substrate preparation and installation
Altogether 4 different types of substrate such as split bamboo mat, whole bamboo, banana midrib and plastic bottle were installed in substrate ponds to enhance periphyton growth. Substrates covered about 2% pond surface area in each pond except control ponds. Surface area for different substrates was determined by measuring its dimensions. Split bamboo substrate was prepared by splitting a whole bamboo into slats of 2-5 cm width and 1 m length and weaving slats into a mat. Each split bamboo mat was supported with water filled (sink) and empty (float) bottles for their proper vertical position in the water column. Number of split bamboo mats per pond depended on the area of pond. For whole bamboo substrate, bamboo were installed in a manner so that all branches of bamboo lied underneath water and main stem lied about 20-30 cm below water surface. Banana midrib substrate was also prepared by weaving midribs of banana leaf into a mat similar to that of split bamboo mat. For bottle substrate, empty bottles of soft drinks were filled with water and tied in a ring. The ring was kept floating using empty water bottles on top of the ring. Number of rings per pond depended on area of pond and number of bottles per ring.
All Feeding and fertilization Carp were fed with freshly made dough of mustard oil cake and rice bran (1:1). Feed was provided in a traditional bamboo tray placed in each pond every morning at 9-10 am. Feeding rate was 1.5% BW. Grass carp was fed with grass and banana leaves at 50% BW. Urea and DAP was applied fortnightly at rates of 9.4 g/m 2 and 7.2 g/m 2 respectively in all ponds to enhance periphyton and phytoplankton population.
Water quality and Periphyton analysis
Temperature, DO, pH and Sechhi disk visibility of ponds were monitored at 7-9 am in situ monthly. Periphyton samples from four different types of substrate were taken from the pond and analyzed three times, in the beginning, middle and end of the trial at laboratory of Fisheries Program in AFU. Two samples were taken from each substrate; first sample was taken for periphyton biomass analysis while second sample was taken to determine periphyton abundance. Samples were collected from 1 cm 2 area of substrate by scrapping periphyton from the surface using a sharp scalpel.
(a) Dry matter, ash free dry matter, and ash content were determined following APHA (1980) using following formulae.
Where, W1= Weight of Aluminum foil and periphyton sample W2= Weight of Aluminum foil and periphyton sample after drying W3= Weight after combustion (b) Second sample was transferred into a reagent bottle containing 10% formaldehyde. Periphyton genera were identified following Prescott (1951) , Guiry and Guiry (2018) , Edmondson (1959) and Pennak (1978) . Their abundance was estimated at genus level for each substrate.
Gross margin analysis
Economic return was calculated using gross margin analysis. Gross margin for each treatment was determined by subtracting total variable cost of treatment from gross income.
A one-way analysis of variance (ANOVA) was used to compare effects of treatments on water quality parameters, periphyton abundance and biomass, and on fish growth and production, followed by Duncan's Multiple Range Test. All statistical analyses were performed using SPSS-v 16.0. Alpha was set at 0.05 for all comparisons. All means are reported with ± 1 standard error (SE).
Results and discussion
Water quality in all ponds was within an acceptable range for carp indicating that different types of substrate did not affect water quality (Table 3 ). There was no significant difference between average temperature, average transparency and average dissolved oxygen (DO) among different treatments.
There were no significant differences in periphyton abundance (Table 4 ) among different treatments. Split bamboo had insignificantly higher abundance of periphyton among four substrates.
Altogether 38 species of phytoplankton and 8 species of zooplankton were recorded from four types of substrates. Split bamboo supported higher diversity of periphyton (41genera) followed by plastic bottle (39 genera), banana midrib (38 genera) and whole bamboo (36 genera). Periphyton biomass was determined in terms of dry matter, ash and ash-free dry matter (Table 5 ).
There was no significant difference (p>0.05) in dry matter, ash content and ash free dry matter among different types of substrates. There was no significant difference (p>0.05) in growth and yield of carp and SIS among different treatments except daily weight gain in rohu (Table 6 ). Daily weight gain (DWG) of rohu in plastic bottle ponds was significantly higher (p<0.05) than in control ponds but the value did not differ with other substrate ponds. Higher DWG of rohu in substrate ponds compared to control ponds can be attributed to its periphyton grazing habit (NFEP, 1997 . Similarly, net yield of carp, combined GFY and combined NFY did not differ among different treatments which can be attributed to similar abundance of periphyton found in substrate ponds. Insignificantly higher combined NFY was observed in substrate ponds compared to control ponds which may be due to insignificantly higher production of rohu and common carp in periphyton enhanced ponds. In plastic bottle ponds, combined NFY was 19% higher than control ponds. Feed conversion ratio was significantly lower (p<0.05) in split bamboo ponds than control ponds but it was similar to values in other substrate ponds. The reason might be comparatively higher population of periphyton in split bamboo among four substrates and no periphytons in control ponds.
Comparatively higher total carp yield in substrate ponds than control ponds can be attributed to the provision of additional food in terms of periphyton (Miller and Falace, 2000) and bacterial biofilm (Ramesh, 1999) . All treatments with periphyton enhancement gave comparatively higher fish yield than the control. Among substrates used, ponds with plastic bottle substrate gave higher fish yield than natural substrates which differed from results obtained in previous work, where natural substrates such as bamboo produced higher yield . Most likely differences in the surface area of each substrate type, the exposure to sunlight, and the attraction of algae to the substrate surface made each substrate type a unique environment for production of periphyton and the resulting difference in fish production.
Among substrates used, farmers complained about using banana midrib as it has to be replaced 3-4 times during a production cycle. Banana midrib decayed in ponds within 2-3 months which created trouble to farmers. Although banana is easily available from the farm and has multiple uses, replacement effort is important and care should be given on use of it because its decay may cause oxygen depletion in the pond.
There was no significant difference (p>0.05) in feed cost and total variable cost among different treatments (Table 7) . Similarly, there was no significant difference (p>0.05) in return from carp and SIS, gross return and gross margin among different treatments. Equal yield of carp and SIS in control and treatment ponds resulted same return and gross margin among ponds. Although considerably higher gross return and gross margin was found in substrate ponds compared to control ponds but values were statistically similar.
Conclusion
Farming carp in earthen ponds with small indigenous species (SIS) is a sustainable fish production system for small scale farmers in Nepal. It provides both family nutrition and income from consuming more micro-nutrient rich SIS and selling surplus carp, respectively. Adding locally available substrates to the carp-SIS ponds enhances periphyton production which in turn increases growth and yield of carp and reduces feed cost. Adding substrates to the ponds also discourage poaching which is a common problem among small scale farms where ponds are not guarded. Among substrates used in the present trial split bamboo, whole bamboo and plastic bottles are more durable and have potential for periphyton enhancement.
